Herpesvirus saimiri is a lymphotrophic virus isolated from squirrel monkeys that causes highly malignant lymphomas in owl monkeys, marmosets, and rabbits, but not in its natural host. We have been interested in exploring immunological and biological aspects of this phenomenon and describe in this report the isolation of 27 monoclonal antibodies (MCAs) to herpesvirus saimiri which were grouped into 11 distinct sets based on the proteins they immunoprecipitated. In total, these 11 groups of MCAs identify the majority of the proteins present in the virion. Immunofluorescence was used to study how the viral antigens are compartmentalized in infected cells. One antibody produced intense nuclear staining and immunoprecipitated both the largest protein seen in gels (150,000 daltons) and one of the smallest (13,000 daltons). All of the other groups of MCAs principally stained the cytoplasm of infected cells. One of the unexpected results of this study was the observation that a majority of the MCAs precipitated more than one protein (15 of 27 antibodies, 7 of 11 groups). Whereas one group of MCAs, which normally precipitated four proteins, identified only single polypeptides after dithiothreitol pretreatment, the other sets of antibodies continued to recognize two or more viral antigens under reducing conditions. Immunoprecipitation of viral proteins with polyvalent sera obtained from virus-infected rabbits and monkeys was carried out to verify and extend previously published reports on the proteins of herpesvirus saimiri.
Herpesvirus saimiri (HVS) is a T-cell trophic virus originally isolated from squirrel monkeys (18) . Although HVS does not appear to induce disease in its host species, it can cause highly malignant lymphomas in owl monkeys, marmosets, and rabbits (10, 20) . As with other herpesviruses, it has proven easiest to study structural features of the HVS genome, whereas analysis of the virion proteins and their functions has been more difficult. Some virus-specific antigens were originally defined by fluorescence microscopy of infected cells and were divided into early antigens (EAs), which do not require virion DNA synthesis, membrane antigens, and late antigens (LAs) (15) . More recently, HVS structural antigens have been identified by electrophoresis of [35S] methionine-labeled infected cell extracts (26) , and many virion proteins have been further characterized after labeling with inorganic 32p (13, 26) or tritiated sugars (13) or by immunoprecipitation of 35S-labeled extracts with sera of virus-infected monkeys (13) .
To date, a transformation-specific antigen has not been identified in HVS-transformed cells, although a nuclear antigen termed HATNA has been detected by an indirect fluorescence test in cells transformed by the related virus, herpesvirus ateles (HVA) (24) .
We have been interested in extending previous observations on the structural antigens of HVS and in using this information to explore aspects of viral replication and transformation. To facilitate such an analysis, a series of monoclonal antibodies (MCAs) to the proteins of HVS virions has been generated. This report describes the isolation and initial characterization of these MCAs and compares the viral proteins identified by MCAs with those previously defined by other means. intraperitoneal inoculation. Spleens were removed 3 to 5 days later, and the lymphocytes were removed and fused to mouse myeloma P3X63Ag8 cells at a ratio of 5:1 with PEG 1000. After overnight incubation at 37°C, the cells were suspended in hypoxanthine-aminopterin-thymidine medium and plated in microtiter plates (five per fusion). Culture supernatants were tested for antibody by using a solid-phase immunoassay based on the method described by Nowinski et al. (22) . Two micrograms of HVS was distributed to each well of a microtiter plate and allowed to dry overnight, and further nonspecific adsorption was blocked with a 2-h incubation with 200 tl of 5% bovine serum albumin in phosphatebuffered saline (PBS) without Ca2' and Mg2+ per well.
Culture fluids were transferred to the assay plates (50 ,ul per well) and incubated for 1 h at 37°C, and the plates were washed three times with PBS with 1% bovine serum albumin. Iodinated protein A (100,000 cpm per well) was then added and incubated at room temperature for 1 h, and the plates were washed twice with PBS and once with deionized water, dried, and exposed overnight at -70°C with XAR-5 film (Eastman Kodak Co., Rochester, N.Y.) with Lightning Plus screens (Du Pont Co., Wilmington, Del.).
Positive clones were transferred to cluster 24 plates with 2 ml of growth medium containing 106 BALB/c thymocytes per ml. As these clones reached confluency, they were tested by the same solid-phase assay for reactivity to both virus and uninfected cell extracts. Hybridomas making antibody which failed to react to control extracts were tested for their ability to immunoprecipitate [35S]methioninelabeled viral antigens. Hybrids producing antibody which immunoprecipitated viral antigens were cloned. To clone hybridomas, cultures were diluted to 450 cells per ml, and SO-,ul amounts were added to two rows of a microtiter plate containing 100 p.l of growth medium per well. Serial threefold dilutions were then made so that each two rows of wells ultimately contained ca. 15, 5, 1.7, and 0.55 cells. These cultures were grown for 7 to 12 days, and all wells were tested for antibody production by solid-phase radioimmunassay. This radioimmunassay data was compared with the pattern of growth to determine the correlation between individual clones and antibody production. In all cases a clone was picked at the highest possible dilution and recloned in the same way. When, at the second cloning, there was a complete correlation between the presence of antibody and clones, antibody expression was considered stable, and one clone was picked, grown up, and frozen. In plates where some clones were not producing antibody, positive clones were further subcloned until all clones were positive for antibody. This procedure allowed cloning over a wide range of cloning efficiencies and the rescue of hybridomas when only a low percentage of the cells were initially producing antibody. The distribution of clones in the microtiter plates was carefully monitored so that all stable hybridomas were obtained by picking clones at least twice from wells containing an average of less than 0.5 clones per well. Stable clones and antibody were preserved in liquid nitrogen, and ascites fluid was obtained by inoculating 105 to 106 hybridoma cells into pristane-primed BALB/c mice.
Immunoprecipitation. Cultures to be labeled were washed once with PBS and incubated for 30 to 45 min with 8 ml of methionine-free minimal essential medium without serum. After removal of the starvation medium, 5 7.5 to 15% polyacrylamide slab gels by using the discontinuous system of Laemmli (16) and electrophoresed overnight at 50 to 60 V. The gels were enhanced with Enlightening (New England Nuclear Corp., Boston, Mass.), dried, and exposed to XAR-5 film at -70°C.
Immunodiffusion. The immunoglobulin type of most of the MCAs described in this report was determined by double diffusion in wells cut in 1% agarose in Tris-barbiturate buffer (pH 8.6) plus 0.1% NaN3 layered onto plastic sheets (9 by 9 cm). Antisera to mouse heavy-and light-chain types were obtained from Litton Bionetics (Kensington, Md.). Approximately 25 to 50 pI of tissue culture growth medium, requiring several applications, was added to the center well, and 5 to 10 pul of the antisera was added to the peripheral wells. These levels were determined to be optimal by testing serial twofold dilutions of both antisera and test antigens (in the form of hybridomas grown in tissue culture producing known immunoglobulin types) to define the volumes producing precipitin lines midway between the antigen and antibody wells.
Indirect immunofluorescence. Cells to be examined for immunofluorescence were grown on Teflon-coated glass slides and infected with virus, and when CPE was at appropriate level, the slides were washed in calcium-and magnesium-free PBS, fixed in cold acetone-methanol (50:50) for 15 min, air dried, and stored at -70°C until used. Uninfected cells were included as controls in all experiments.
For detection of antibodies to EA (1), OMK cultures were infected in the presence of 100 pug of phosphonoacetic acid (PAA) per ml. When virus-infected control cultures showed extensive CPE, the PAA-treated cultures and the untreated infected controls were both fixed. Sera containing antibodies to EA stain the nuclei of PAA-treated cultures, whereas EA-negative sera do not.
Immunofluorescence was carried out by depositing appropriate dilutions of sera onto individual wells of the Tefloncoated slides. The slides were incubated for 45 min at 37°C in a humidified chamber, washed three times for 10 After washing as before, the slides were mounted and examined for fluorescence.
RESULTS
Structural proteins of herpesvirus saimiri. As a means of verifying the specificity of the MCAs described below, it was first necessary to define, in our system, the major proteins of HVS. Figure 1A (23) on EAs by immunoprecipitating lysates of cells treated with PAA (to prevent viral DNA synthesis; 2) with EA-positive sera (defined as EA positive by immunofluorescence; 1). Lane 1 is an immunoprecipitate of an infected culture not treated with PAA (LA positive), with owl monkey serum (serum no. 7589), whereas lanes 2 and 4 are precipitated by terminal bleeds from two rabbits with HVS-induced lymphomas. Lane 3 is precipitated by a rabbit serum obtained before virus inoculation. It is apparent that two major EAs with molecular sizes of ca. 140 and 120 kilodaltons are defined by the rabbit sera (arrowheads, lane 2), and that neither is present in nontreated infected cells, since the antigens of corresponding size that are precipitated by the 7589 serum in the control culture are not recognized by that serum in the PAA extract (data not shown). In a separate experiment (lanes 5 through 8), in which a higher level of [35S]methionine-labeled extract was used, two additional PAA-resistant proteins, with molecular sizes of ca. 80 and 28 kilodaltons, are identified by both rabbit and owl monkey sera (arrows). The EA proteins shown in Fig. 1B correspond well with the polypeptides with molecular weights of 110,000, 76,000, and 31,000 described Twenty-seven MCAs that precipitate virus-specific polypeptides have been isolated. These antibodies can be grouped into 11 distinct sets based on the proteins that they identify. antibody 290EG7, whereas for comparison, lanes 6 through 10 represent extracts preincubated with the same concentrations of DTT and precipitated with 290EB7 (group 2). It is clear from Fig. 4 that increasing levels of DTT leads to dissociation of the four polypeptides precipitated by 290EG7 and that at 27 mM only the smallest protein of 25,000 daltons is recognized by the antibody. In the case of 290EB7 (lanes 6 through 10) and for the MCAs of other groups (data not shown), no alteration in the pattern of precipitated proteins was detected at DTT levels up to 27 mM. Other group 1 antibodies in the same type of experiment recognized other proteins in the complex. For example, 286BE6 precipitated the 32,000-dalton middle protein, whereas 290EC3 and 316jA3 recognized the largest 50,000-dalton polypeptide. Thus, whereas one set of viral antigens appears to be linked together with disulfide bands, t4e other polypeptides coprecipitated by the MCAs must be complexed by another mechanism. Immunofluorescent analysis of MCAs. Members of all 11 groups of MCAs were analyzed by immunofluorescence on both infected and uninfected OMK cells (Table 1 ). Figure 5 presents representative micrographs of several types of the fluorescent patterns seen. Figure 5A shows the punctate cytoplasmic fluorescence of 289BA3 (group 6), whereas [35S]methionine-labeled HVS-infected OMK cell extract was preincubated for 30 min on ice with indicated levels of DTT before addition of the MCA to the extracts. Antibodies from groups 3, 9, 10, and 11 were also tested, and as for 290EB7 (group 2, panel B), no effect was seen as a result of increasing amounts of DTT in the extracts. All group 1 antibodies, on the other hand, were shown to recognize only one antigen when the extract was pretreated with DTT, compared with the four proteins normally precipitated from cell extracts. Extracts of labeled virus did not perform well in this assay because the total protein concentration was much lower and the excess DTT destroyed much of the antibody reactivity. SC), whereas on uninfected cells, this antibody produces a low level of punctate cytoplasmic staining while totally sparing the nucleus (Fig. SD) . This antibody, as shown in Fig. 3 , precipitates the largest virion protein (150,000 daltons), as well as a much smaller 13,000-dalton protein.
The nuclear fluorescence with this MCA would be consistent with the 150,000-molecular-weight protein being a major capid protein and with the tendency of herpesvirus-infected cells to accumulate empty and full capsids in their nuclei.
All of the other patterns of immunofluorescence (Table 2 ) are cytoplasmic (and extracellular), suggesting that they are staining newly synthesized proteins before transit to the nucleus or maturing virions passing through the cytoplasm.
Testing other herpesviruses with MCAs to HVS. All 27 MCAs were used to test for immunological relatedness between different herpesviruses. The strains tested include herpes simplex virus type 1, human cytomegalovirus, herpesvirus aotus, HVA strain 810, herpesvirus platyrhinnae, and Epstein-Barr virus. None of the MCAs reacted with 35S-labeled extracts of cells infected with the other strains of herpesviruses tested, although polyvalent sera to HVS precipitated several major proteins of HVA, as would be expected from previously published serological findings (7, 21) . When the MCAs were reacted with [35S]methioninelabeled extracts of cells infected with the OMI strain of HVS, only four antibodies (19cH4, 255DG3, 255EC9, and 286EF1) reacted. The OMI strain represents an isolate distinct from the prototype strain, S295C, which was the virus used to elicit the MCAs. This is shown in Fig. 6 , in which it is evident that the pattern of proteins precipitated by the four antibodies is very similar for the two virus strains. Differences in intensity of the bands could be due either to varying levels of incorporation of isotope into different proteins of the two viruses or to differing avidities of the MCAs for the 
DISCUSSION
HVS is an acute transforming virus in marmosets, owl monkeys, and rabbits but not in its normal host, the squirrel monkey. It has been thought possible that the immune system of the infected animal plays an important role in determining whether HVS is oncogenic (15) . In particular, humoral immunity after inoculation of squirrel monkeys with HVS tends to occur very rapidly (14 to 17 days; 15), whereas antibody is not seen in owl monkeys or marmosets until much later (28 to 80 days; 15). As reported earlier (2, 10) we have also observed that rabbits inoculated with HVS did not develop LA antibodies until 2 to 3 weeks before dying of lymphoma, regardless of the period of time after virus inoculation required for the tumor to develop.
In contrast to the rapid oncogenic transformation seen in vivo after inoculation of HVS, in vitro transformation by HVS has been difficult to demonstrate (27) , although the closely related HVA readily transforms T lymphocytes in vitro (6, 12) .
To better understand the difference in oncogenic potential between HVS and HVA and to gain knowledge about how these complex viruses cause neoplastic transformation, it is necessary to obtain detailed knowledge about the genomic structure (4, 5, 8, 9, 14) and protein composition of the virion (13, 23, 25, 26) and to grasp the temporal and regulatory aspects of virus replication. The large size of the HVS genome is reflected in the complexity of the proteins of the virus as visualized in sodium dodecyl sulfate gels. In earlier reports, Randall et al. (26) described more than 30 virus-induced polypeptides present in infected cells, and in a later communication (23) they described eight polypeptides synthesized in the presence of PAA, an inhibitor of viral DNA synthesis (17) . Treatment Since EA-positive sera from different animals (Fig. 1B) do not identify the four PAA-resistant proteins to the same degree, it is also possible that these sera may not identify all EA proteins. Sera from several species were also tested for their ability to immunoprecipitate LA antigens from HVSinfected OMK cell extracts. Although many antigens are identified by the sera of the several species tested, particularly owl monkey sera, it is evident from analysis of the total viral proteins labeled by [35S]methionine and by the spectrum of antigens identified by the MCAs (Fig. 3) We have also been interested in studying the evolutionary relationships of the lymphotrophic herpesviruses. The MCAs to HVS strain S295C were shown to be unable to recognize the proteins of any other strain of herpesvirus tested, included HVA and herpesvirus aotus, the two strains most closely related to HVS. In fact, of all the MCAs tested, only four identified comparable proteins in the OMI strain of HVS (Fig. 6) . We are currently developing a solid-phase immunoassay to serotype HVS isolates by using a combination of animal sera and MCAs. A possible further use for such an assay would be to test genetic recombinants (14) between strains of HVS, with parental strains that either did or did not contain antigens reactive with the MCAs, to map the locations of structural proteins in the viral genome.
The availability of MCAs will also permit the simplified purification, by immunoaffinity techniques, of viral proteins and the development of sensitive radioimmunoassays. These assays will permit more accurate and sensitive determination of the immune status of experimentally inoculated animals and simplify monitoring of the status of animals in the laboratory. We also intend to explore diagnostic and therapeutic techniques in infected animals to determine how best to intervene in disease induction and treatment.
